This paper reports the ecotoxicological study of "tetradecanoic acid, 2-sulfo-, 1methylester, sodium salt (C14MES)". This salt was synthesized by sulfonating 1-methyl tetradecanoic acid derived from palm oil and coconut oil with sulfur trioxide. The tests were attempted in accordance with the OECD (Organization for Economic Cooperation and Development) Guidelines for the Testing of Chemicals. The 72 h ErC 50 exceeded 100 mg/L in the alga growth inhibition test. In the daphnia acute immobilization and reproduction tests, 17.2 mg/L of 48 h EC 50 and 4.10 mg/L of NOEC were derived, respectively. These ecotoxicities of C14MES were equivalent to or lower than that of other similar anionic surfactants, such as LAS (linear alkylbenzene sulfonate) or AOS (alpha olefin sulfonate).
Introduction
2-sulfonato fatty acid methyl ester sodium salt (MES) has been continuously used in Japan as the main surfactant in heavy-duty household granular detergents for the last 13 years since its development in 1991. Detergents used in households are usually discharged into the waterways. It is indispensable to assess how safe detergents are when exposed to a person using it at home. It is also necessary to consider the influence of detergents released from home drains into the aquatic environment and its impact on the ecology and environment. From such a viewpoint, the biodegradability of MES with respect to the aquatic environment (1-3) and its toxicity on fish as representative aquatic organisms (4) were evaluated before marketing detergents containing MES. Moreover, the effects of sewage, which contains MES, on the performance of an activated sludge system were also evaluated before introducing the detergents with MES in the Japanese market.
The characteristics of MES observed were its ready biodegradability and complete degradation. Therefore, when discharged, MES does not accumulate in the aquatic environment. Its toxicity on fish was on the same level as that by conventional anionic surfactants, and the toxicity to fish was markedly and rapidly reduced by the biodegradation. The aerobic biodegradation process of activated sludge and the anaerobic digestion process of excess sludge were not inhibited by the existence of MES. Moreover, there is a growing awareness to protect the environment presently, and this has influenced the integrated management of chemical substances on a global scale. Further, in Japan, the evaluation and regulation system, which also considered living organisms in the environment, was established in 2004 by an amendment of the Japanese chemical substances control law (Law Concerning the Examination and Regulation of Manufacture, etc. of Chemical Substances). In addition to the screening examinations of the toxicity of persistent chemical substances, the evaluation system was amended to consider ecosystem conservation. It is assumed that in actual environments, MES does not affect to aquatic organisms adversely. This is because its toxicity to fish is markedly and rapidly reduced by its degradation and low concentration, which can be attributed to its efficient removal during sewage treatment.
Among the MES substances being commercialized, the Japanese government reported on the environmental safety of "hexadecanoic acid, 2-sulfo-, 1-methylester sodium salt (CAS No. 4016-24-4; C16MES)" in the OECD-HPV Project "SIAM16." The results indicated that there was low priority for further work (5) .
In this paper, we report on C14MES including its physicochemical properties and its probable effects on the environment and aquatic organisms. As to the acute toxicity of C14MES, we carried out to examine alga growth and daphnia acute immobilization, which are the evaluative criteria for ecotoxicity in the initial data set of the Law Concerning Examination and Regulation of Manufacture, etc. of Chemical Substances (Chemical Substances Control Law, Japan). In addition, to estimate the chronic toxicity, the daphnia reproduction test was carried out using the most sensitive species in the acute toxicity test.
Experimental 1 Materials
Tetradecanoic acid, 2-sulfo-, 1-methylester, sodium salt (CAS No. 4016-22-2 C14MES) was prepared by the sulfonation and neutralization of distilled methyl tetradecanoate. The product was purified by the conventional procedure deoiling and desalting prior to use. (12) . The growth inhibition concentration (EC 50 ) and the no observed effect concentration (NOEC) values were determined by the biomass method and the growth rate method.
The unicellular green alga Pseudokirchneriella subcapitata (formerly known as Selenastrum capricornutum, NIES-35) was used for the test. In our laboratory, this species is under passage breeding aseptically from the strain NIES-35 supplied by the Independent Administrative Institution, National Institute for Environmental Studies, Japan. The test was performed under the following conditions. The test results were calculated on the basis of nominal concentration. The test was in compliance with the OECD Guidelines for the Testing of Chemicals No. 211, "Daphnia magna Reproduction Test" (adopted: September 1998) (14) , which is a revised edition of No. 202, "Daphnia sp., Acute Immobilization and Reproduction Test" (adopted: April 1984). This test was performed by CERI.
By HPLC analysis, the test solutions were analyzed six times, i.e., at the start of the test (Day 0), at preparation of test solution on Days 8 and 14, and 2 days after each preparation of the test material before water exchange. The time-weighted mean of the measured concentrations was used for the calculation of the test results. (15) was applied in order to calculate the bioconcentration factor that predicts the bioaccumulation property of MES.
Results and Discussion
Tables 1 and 2 list the physicochemical properties of C14MES and the test results of the influence of C14MES on aquatic organisms, respectively. C16MES is displayed in comparison with C14MES. The acute toxicity to Japanese killifish (Orizias latipes) confirms the already reported value (4) .
When C14MES is discharged into the waterways, we assume that most of the MES will be distributed in the water while some parts will settle as sediments due to 
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the presence of detergents and its physicochemical properties; these properties comprise the water solubility and vapor pressure of C14MES. The estimated bioconcentration factor "70.79" indicates a low bioaccumulation of C14MES as well as linear alkylbenzene sulfonate (LAS), which is a typical anionic surfactant possessing similar characteristics. In addition, previous reports on biodegradation describe that C14MES is mineralized by microbes and disappear gradually in environmental surface waters such as river water.
According to the short term toxicity, in an algal growth inhibition test of C14MES, a 72 h ErC50 and a 72 h EbC50 to Pseudokirchneriella subcapitata were >100 mg/L by both the biomass method and the growth rate method. In the experiment, the growth inhibition was 44.6% (biomass) and 10.7 % (growth rate) at the concentration of 100 mg/L, the highest concentration. Regarding acute toxicity to daphnids, immobilization rate of the Daphnia magna exposed to C14MES for 48 hours was 0 % in the 10 mg/L, and 100% in the 32 mg/L. For daphnids, a 48 h EC50 of 17.2 mg/L was derived.
Regarding chronic toxicity to algae, a 72 h NOEC was 56 mg/L by both the biomass method and the growth rate method. In daphnids, average cumulative number of offspring produced per parent daphnid dur-ing the 21-day exposure period in the 0 (control), 4.0, and 8.0 mg/L were 126, 106 and 43, respectively. For daphnids, a 21-day NOEC of 4.10 mg/L(based on measured concentration) was derived. These indicate the lower possibility of C14MES having an influence on aquatic life.
The results of the MES concentration measurement of the test solution in the reproduction test of daphnia were 90.6%-112% of the nominal concentrations at the beginning of the operation and 79.3%-109% before replacing the media. The values of the measured concentrations compared with the nominal values of the test solution indicate that there is no problem in the judgment on the basis of the concentration that was set for the alga growth inhibition test and acute immobilization test of daphnia.
The ecotoxicity of the C14MES obtained here was equivalent to or lower than that of other anionic surfactants such as LAS (linear alkylbenzene sulfonate) or AOS (alpha olefin sulfonate), which are currently used as household detergents ( Table 3 ). In addition, the presence of C14MES was weak as compared with that of C16MES in any type of organism. MES has a different degree of toxicity for aquatic life, with shorter chains being less toxic than longer ones. This trend was also observed in many other surfactants. In addition, we confirmed the shortening of the alkyl chain on the T. Takei, H. Odake, K. Miura et al.
MES, i.e., the reduction of toxicity accompanied with the decreased partition coefficient of octanol and water. Thus, these results show that the ecotoxicity of MES is the same as that of other general-purpose anionic surfactants such as LAS.
In addition, monitored the concentration of C14MES in Japanese municipal rivers (June 2004 -March 2005) were range from below determination limit (<0.03 mg/L) to 0.35 mg/L, with median 0.02 mg/L and 95-percentile 0.30 mg/L (15) . The predicted no effect concentration (PNEC) for the aquatic compartment was estimated to be 0.041 mg/L (41mg/L) based on the lowest NOEC of 4.10 mg/L in daphnids and an assessment factor of 100 because two chronic toxicity values were available. With comparison of environmental concentration and PNEC, it was concluded that the risk posed by current use of C14MES was very low for aquatic environment.
Conclusion
The bioconcentration of C14MES was estimated to be low, and their ecotoxicities were equivalent to or lower than those of other conventional anionic surfactants such as LAS or AOS.
From currently available reports (1-3) and the results of this study, it was supposed that when C14MES was discharged into environmental surface waters such as rivers, most of the MES would be distributed in the aquatic environment. It would then be completely degraded by microbes and disappear gradually like other surfactants. Moreover, since the ecological toxicity immediately disappears in the biodegradation process (4), it seems that the possibility of C14MES actually influencing aquatic organisms in environmental waters is equivalent to or lower than the influence by other surfactants.
